In Santa Catarina State (Brazil), Rio dos Cedros is one of the cities that suffered from natural disasters triggered by very intense rainfall in November 2008. According to the Municipal Civil Defense, this event caused economic losses of US$2.1 million and 96 homeless, directly affecting 90% of the municipal population. The principal phenomenon responsible for these disasters was the debris flow. In this context, field surveys were conducted throughout the city in order to investigate the possibility for houses to be affected by landslides and debris flows. After the preliminary evaluation, two cases of debris flow whose extensions were over 1 km were chosen for a more detailed survey. The objective of the present study was to analyze the meteorological and geomorphic aspects of these cases. The total rainfall in Rio dos Cedros in November 2008 and the entire year of 2008 were 644 mm and 2509 mm, respectively. An analysis of the daily rainfall during October and November 2008 and the debris flow occurrence time indicates that the factor triggering debris flows in Rio dos Cedros in 2008 was the accumulated rainfall, not its intensity. Two debris flows analyzed in the present study had different geomorphic conditions, one being confined in the channel and showing ordinal debris flow (Debris A), and the other unconfined, presenting the debris avalanche feature (Debris B). The larger density of clastic blocks was observed at the depositional area of Debris B. Both the localities are characterized with migmatite. Topographic analysis showed that the volume of the mass movement is related with topographic parameters (elevation difference and travel distance). This relationship implies that the two cases of Rio dos Cedros had similar behavior to other cases reported in temperate and cold regions. It is, therefore, concluded that there is geomorphic control on 
Introduction
By elaborating an atlas of natural disasters of Santa Catarina State (SC), Brazil, Herrmann [6] shows that SC has frequently suffered from hydrological disasters. In November 2008, the extremely intense rainfall event triggered floods and landslides in SC, especially in the Itajaí Valley. This event might be the worst in the whole history of SC. Rocha et al. [9] analyzed the daily rainfall data obtained in Blumenau city, which is located in the Itajaí Valley, and concluded that the daily rainfall of 347.2 mm registered on 23
rd November corresponds to a return period of more than 10,000 years for this city. Among 293 cities in SC, 63 declared a state of emergency and 14 a state of public calamity in November 2008. According to the State Civil Defense Report 31/Dec/2008, which presented the total damages caused by these disasters, there were 32,853 homeless, 135 dead and 2 missing in SC.
In the hydrological and socio-economic aspects, the Itajaí Valley is one of the most important regions in SC and consists of 53 cities. According to Fraga [3] and Frank and Pinheiro [4] , the floods in this valley have been registered for more than 150 years. Up to now, the historically large floods in the Itajaí Valley occurred in 1855, 1880, 1911, 1927, 1957, 1983, 1984, 1992 and 2008 .
Rio dos Cedros, city located in the Itajaí Valley, at a distance from Blumenau about 30 km, declared a state of pubic calamity due to the intense rainfall in November 2008. It was reported that 8,561 peoples were directly affected, 96 homeless, no dead, and economic losses of agriculture, livestock, industry and basic sanitation infra-structures in the range of US$1.34 million, 300 thousands, 40 thousands, and 390 thousands, respectively. The floods occurred in the urban area and the typical landslide type that occurred in many rural ones was the debris flow in this city.
Though the frequency of its occurrence has increased recently, there are only a few studies on the debris flow in Brazil until now. The debris flow research can be, therefore, considered as one of the priorities in the Brazilian society. In this context, the objective of the present study was to analyze the meteorological and geomorphic aspects of two debris flow features which occurred in Rio dos Cedros city in November 2008.
Methods

Study area
In Rio dos Cedros city, the population and the area are 9,685 and 556 km², respectively. Most of the inhabitants live in the urban area (18 km²) located on the floodplain. Thus, the floods have frequently affected human lives. The highland is used for agriculture, reforestation and hydro-energy generation. There are two dams (Palmeiras and Pinhal) in this city. As the administration boundary of the city coincides almost with the Cedro River watershed divide, the watershed management may be highly useful for the city hall ( Figure 1 ). There are topographic maps only at a 1/50.000 scale for the study area.
The relief of Rio dos Cedros city can be divided into three zones: (i) the law lands formed by floodplain and by small hills with altitude from 75 to 150 m and gentle slopes (~12º); (ii) the highlands with altitude from 600 to 1100 m and gentle slopes in most of the areas (~16º); and (iii) the transition zone between the two former lands, with steep slopes and embedded valleys. In this transition zone the major landslides occurred. Goerl et al. [5] reported 15 severe landslides triggered by the intense rainfall in this city in November 2008. Their main type was the debris flow, and most of them occurred on steep slopes with colluvium deposits on their base. From this evidence the authors [5] concluded that landslides are very frequent and natural phenomena in the geological and geomorphologic time scale. The fact that there are a lot of big blocks along the main channels in the watershed, especially in the zones (ii) and (iii), implies the high susceptibility to the debris flows in these two zones.
Meteorological data
To analyze the rainfall characteristics in Rio dos Cedros, the present study used the monthly data obtained at the rain gauge station (Arrozeira) of the National Agency 
Field survey
In the Cunha River watershed, two comparatively-larger debris flows were investigated. Figure 2 shows the digital elevation model of this watershed and two debris flows which are here called Debris A and Debris B. It also presents Debris A (1 and 2) and Debris B (1 and 2) in detail. The field survey with the Leica Total Station and the Trimble Differential GPS (DGPS) was carried out during September 2009, about 10 months after the occurrence, because it was necessary to wait for the complete stabilization of the hillslopes. The DGPS was used to collect several points around and in the middle of the debris flow for determining the geometric relationship and for calculating the mass movement volume and the depositional volume. When it was not possible to collect data with the DGPS, the Total Station was used.
All the points were put into the same projection and reference system: UTM Zone 22S and SAD-69. More than 3000 points were collected with an altimetric error less than 0.5 m. For each debris flow, the survey focused on three parts: (i) starting; (ii) channel transporting; and (iii) depositional area.
Debris flow volume analysis
Based on the field observations, the rupture surface of the landslide starting areas was considered as an ellipsoid. This geometric assumption easily permitted to calculate the volume of mass movement. By processing the DGPS point in the ArcGIS software, the geometric relationships were established for each debris flow. The starting area, the spread channel area and the depositional area were delimitated with the reach angle and the field observations. Both the cases (Debris A and Debris B) had two different staring areas, i.e., two initial movements. In other words, four landslides occurred and formed two large debris flows. For a better presentation of the real forms, each landslide was calculated individually. Then, the Debris A (or Debris B) was divided into Debris A1 and A2 (or Debris B1 and B2).
For each starting area, the altimetry difference between the higher and lower point (Hs) and the axial distances (l s ) were calculated, and then tanθ (= Hs/ls) was determined. The rupture area of the movement follows an ellipse plane, passing through the hypotenuse vertex. Thus, the mass movement height (hsi) is considered equal to half of the median, and the hypotenuse is the length of the Y plane. Figure 3 illustrates the definition of the geometry used in this calculation.
Then, the total volume of the mass movement for each debris flow can be expressed by the following eqn: 
where V Debris is the total volume of the mass movement of the Debris A or B; V debris1 and V debris2 are the volume of the two initial movements; a 1 and a 2 are the positive numbers which represent the X-dimension of the two ellipsoids; b 1 and b 2 are the positive numbers which represent the Y-dimension of the two ellipsoids; c 1 and c 2 are the positive numbers which represent the Z-dimension of the two ellipsoids.
Corominas [2] and Rickenmann [7] separately proposed an equation that relates the volume of movement mass (V) with the angle of reach (β) in which tanβ = H/L:
where V C and V R are the volumes in m 3 estimated by Corominas [2] and Rickenmann [7] , respectively; H is the elevation difference between starting point and the lowest point of the depositional area in meter; and L is the travel distance in meter. Corominas [2] analyzed the topography of 71 debris flows reported in several countries and made a linear regression. Rickenmann [7] elaborated the same relation by using the data of 140 debris flows and 51 rock avalanches recorded in Swiss Alps.
Analogically, the total volumes of the mass movement calculated by Corominas [2] and Rickenmann [7] equations can be expressed: The volume estimated with eqn (1) was compared to those obtained with eqns (4) and (5). Figure 4 shows the historical data of the annual rainfall from 1942 to 2008. It can be observed a slight increase of the annual rainfall during the studied period, with its mean value of 1651 mm/year. The highest value was 2863 mm/year in 1983; meanwhile 2008 was the second rainiest year with 2509 mm/year. rd October, the most intense rainfall (122 mm/day) was recorded, and after this event no high rainfall intensity took place. In November, the values of the daily rainfall were not very high (less than 80 mm/day), but their frequency was much higher than in October and the accumulated rainfall was very high ( Figure 5 ).
Results and discussions
Rainfall analysis
According to Mr. Rui Mayer (local resident), the mass movement took place on three stages, the first at 1:15 a.m., the second at 2:00 a.m. and the third at 3:00 on 24 th November. The observed rainfall data in Rio dos Cedros showed that during the period from 0:00 a.m. to 3:00 a.m. on the same day, it rained 10 mm which might not be able to cause such a terrible and intense phenomenon. The accumulated rainfall from 0:00 a. 
Geomorphic analysis
From the initial movement of higher altitude, the total distance of Debris A was 1050 m, while Debris B reached 1270 m. Both debris flows occurred at the same rock type (migmatite). Table 1 shows the calculation results with eqns (1), (4) and (5) that present the geometric analysis, Corominas [2] and Rickenmann [7] relationships, respectively. It can be noted that, in both the cases A and B, the equation of Corominas [2] presented the highest value, while Rickenmann [7] Calculation results of different methods.
*Difference between eqn (1) and eqn (4) (or eqn (5)).
the lowest. For the Debris A, the value obtained with the equation of Corominas [2] (eqn (4)) was closer to the value obtained with the topography survey, while in Debris B Rickenmann [7] (eqn (5)) was closer. Since each debris flow had two starting areas (initial movements) (Figure 2 ), their weights were calculated. In the Debris A, the movement A1 had the more importance for the total volume and consequently the more contribution to the total travel distance of the debris flow. In the Debris B, both the initial movements had similar weights and volumes, contributing equally to the magnitude of the debris flow occurrence. Figure 7 plots the values of the Debris A and B obtained with eqn (1) on the diagram originally elaborated by Rickenmann [8] which relates tanβ with the mass movement volume. In the tropical environments, the soil layer tends to become larger than that in the temperate regions. In both the cases of the present study, the average of the soil layer depth was 15 m. And the soil texture was characterized with large quantity of silt and clay. Furthermore there was a lot of vegetation on the occurrence localities, especially trunks with 20-30 m height, which might characterize the woody debris flows. In spite of these conditions, it is observed that two cases of Rio dos Cedros had the similar behavior to other cases shown by Rickenmann [8] , especially to Swiss debris flows.
Though Figure 7 shows that the Debris A and B had a similar behavior, the geomorphic conditions are different between the Debris A and B. The Debris A is characterized as a debris avalanche, not channeled or constrained, meanwhile the Debris B is mostly confined and received a strong topographic control.
Rickenmann [8] mentioned that the angle of initial depositional process varies between 6 and 12º for many (larger) debris flows and can be larger than 27º for smaller and unconfined cases. Slaymaker [10] and Bryant [1] assumed that the depositional angle is smaller than 12º. The depositional angle values of the Debris A and B were 13º and 14º, respectively. The similar characteristics between the Debris A and B were the large depositional-angle, the starting slope, the depth (approximately 8-10 m) of deposition layer. The factor that controls the movement and generates the similar behavior may be the high density of the woody vegetation lying on the occurrence localities. In the Debris B, the vegetation provided the dams (barriers) formation, reducing the energy gradient. But when the dam break takes place, the potential energy might be equal to the total energy and the destructive power of the debris flow was elevated. According to the residents' testimony, the movement occurrence with various waves was observed and bursts were heard. Thus, the relationship between the mass movement volume and the travel angle (geomorphic factor) obtained in the present study is coherent to those observed in other countries. Therefore, it can be said that the geomorphic control of the debris flow is very important. But the similarity between the two debris flows which had different geomorphic conditions implies that the woody vegetation effect on the debris flow is potentially very significant.
Conclusions
The extremely-intense rainfall triggered the hydrological disasters in Rio dos Cedros city in November 2008. The typical disaster type was the debris flow. The present study analyzed the rainfall characteristics in this city for the period 1942 to 2008, with the special attention to the rainfall events of 2008. In October and November 2008, the monthly rainfalls were 441 mm and 643.6 mm, respectively. An analysis of the daily rainfall during these two months and the debris flow occurrence time indicates that the triggering factor in the case of debris flows in 2008 was the accumulated rainfall, not its intensity. Based on the previous investigation, two large debris flow cases (Debris A and Debris B) were selected for the geomorphic analysis. With the field survey data of topography and the equations of Corominas [2] and Rickenmann [7] , the volume of mass movement was related to the angle of reach for each debris flow. A comparison between the Rio dos Cedros' cases and data obtained in other countries permits to conclude that the geomorphic aspects of the debris flows in Rio dos Cedros are similar to those of temperate regions.
Since there are only a few studies on debris flow hazard whose disasters in Brazil have been increasing in frequency and intensity, the present study could contribute to regional prevention measures of these disasters. The debris flows research must be more enhanced in this country, by analyzing various aspects of this hydrological hazard. In the future study, the geotechnical analysis and the vegetation analysis will have to be carried out.
